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ELECTRICAL POWER MANAGEPlENT STANDARD 
1. SCOPE 
1.1 l- This document e s t a b l i s h e s  a system f o r  t h e  management of e lectr ical  I 
power source ,  load,  and d i s t r i b u t i o n  p r o p e r t i e s  du r ing  procurement and u s e  
of space  v e h i c l e s  o r  p o r t i o n s  thereof .  It is designed t o  permit  t h e  ac- 
q u i s i t i o n  of sys t ema t i zed ,  v e r i f i a b l e ,  and c o n t r o l l a b l e  e lectr ical  power 
p r o p e r t i e s  of v e h i c l e  systems and t o  f a c i l i t a t e  r a p i d  e s t ab l i shmen t  and 
b p o r t i n g  of i n p u t s  f o r  t h e  sou rce / load  r e l a t i o n s h i p .  P A u m c u Z  
1.2 
t h i s  s t a n d a r d  i n  c o n t r a c t s  f o r  p o r t i o n s  of launch v e h i c l e s  o r  s p a c e c r a f t  
when such c o n t r a c t s  are le t  d i r e c t l y  by t h e  procur ing  a c t i v i t y .  
The p rocur ing  a c t i v i t y  s h a l l ,  when necessary ,  s p e c i f y  a l l  o r  p a r t  of 
2. DEFINITIONS 
2.1 A c q u i s i t i o n  Phase. - The per iod  i n  which f u l l  scale  development 
( i n c l u d i n g  t e s t i n g )  i s  accomplished. 
development and t e s t i n g  a c t i v i t y  are no longer s i g n i f i c a n t ,  and when updat ing  
change are on c o n t r a c t .  
The Acqu i s i t i on  Phase ends when 
2.2 Component. - This  term, as used he re in ,  i s  synonomous wi th  t h e  comnon 
term "black-box." Component r e f e r s  t o  a s i n g l e  Source,  Load, Converter ,  o r  
Regulator.  
2.3 Con t rac t  End Item. - An i t e m  of c o n t r a c t  complete  w i t h i n  i t s e l f .  
2.4 
conve r t s  i t ,  and provides  as ou tpu t ,  electrical power a t  ano the r  v o l t a g e  
and/or  f requency.  
Converter.  - Accepts e l e c t r i c a l  power a t  i n p u t  v o l t a g e  and frequency,  
2.5 C r i t i c a l  Electr ical  Power P r o p e r t i e s .  - Any e lec t r ica l  power p r o p e r t i e s  
which have e lectr ical  power p r o p e r t i e s  l i m i t s .  
2.6 
(Acqu i s i t i on  Phase) ,  d u r i n g  which pre l iminary  eng inee r ing  and c o n t r a c t  
management p lanning  are accomplished. 
D e f i n i t i o n  Phase. - A formal  pe r iod  preceding f u l l  scale development 
2.7 
of t h e  t o t a l  v e h i c l e  o r  a p o r t i o n  t h e r e o f .  
a d i v i s i o n  of a p rocur ing  a c t i v i t y  may b e  a des ign  a c t i v i t y .  
Design A c t i v i t y .  - An agency having the r e s p o n s i b i l i t y  f o r  t h e  des ign  
A c o n t r a c t o r ,  s u b c o n t r a c t o r  o r  
2.8 E lec t r ica l  Power P r o p e r t i e s .  - The c h a r a c t e r i s t i c s  of v o l t a g e ,  peak 
power, t o t a l  power, f requency,  power f a c t o r ,  and r e s i s t a n c e  o r  impedance 
r e f e r r e d  both t o  power sou rces  and loads ,  under c o n d i t i o n s  being cons idered  
i n  t h i s  document. 
2.9 
a l lowance f o r  des ign  changes,  w i t h i n  the design a c t i v i t y l s  work s ta te-  
ment r e s p o n s i b i l i t y ,  used t o  arr ive a t  t h e  r epor t ed  launch c o n d i t i o n s  from 
Elec t r ica l  Power Requirements Growth. - The nominal p r e d i c t e d  power 
c u r r e n t  design da ta .  
h i s t o r i c a l l y  j u s t i f i e d  and e m p i r i c a l l y  determined. 
a n  u n c e r t a i n t y  i n  d i s p e r s i o n  s t u d i e s ,  bu t  may be  s u b j e c t e d  t o  u n c e r t a i n t y  
a n a l y s e s  when included as a p a r t  of a nominal C r i t i c a l  E l e c t r i c a l  Power 
P r o p e r t y  being s o  analyzed. 
E l e c t r i c a l  power growth i s  a n  al lowance which i s  
It i s  n o t  t r e a t e d  a s  
2.10 Improvement P o t e n t i a l s .  - A l t e r n a t e  c o n f i g u r a t i o n s  o r  d e s i g n  changes 
which, when incorpora ted  i n t o  t h e  b a s i c  des ign ,  w i l l  r e s u l t  i n  improved 
e l e c t r i c a l  power c h a r a c t e r i s t i c s .  
2.11 Item. - The v e h i c l e ,  o r  p o r t i o n  t h e r e o f ,  such as a s t a g e ,  module, 
engine  instrument  u n i t ,  i n t e r s t a g e ,  o r  c o n t r a c t  end i t e m .  
2.12 Limit ing Condit ions.  - Any system c o n d i t i o n s  t o  which any of t h e  
fo l lowing  apply :  
a. E l e c t r i c a l  power p r o p e r t i e s  have been e s t a b l i s h e d  by c o n t r a c t  
a s  t h e  al lowable l i m i t s  f o r  s a t i s f a c t i o n  of performance i n c e n t i v e  o r  o t h e r  
system objec t ives .  
i n g  va lues  o u t s i d e  of which t h e  mandatory system o b j e c t i v e s  o r  f u n c t i o n s  
w i l l  n o t  be  achieved under t h e  c u r r e n t  d e s i g n  o r  o p e r a t i n g  c h a r a c t e r i s t i c s .  
t h e  acceptab le  system o b j e c t i v e s  o r  f u n c t i o n s  under t h e  c u r r e n t  d e s i g n  
o r  o p e r a t i n g  c h a r a c t e r i s t i c s .  
b. E l e c t r i c a l  power p r o p e r t i e s  a re  d e c i s i v e l y  c o n s t r a i n e d  by l i m i t -  
c. E l e c t r i c a l  power p r o p e r t i e s  e x e r c i s e  a d e c i s i v e  i n f l u e n c e  upon 
2.13 Manufacturing V a r i a t i o n .  - A random u n c e r t a i n t y  r e s u l t i n g  from t h e  
p r e d i c t e d  o r  c a l c u l a t e d  e f f e c t s  of manufactur ing processes .  I t  may b e  
t r e a t e d  as a n  u n c e r t a i n t y  i n  d i s p e r s i o n  s t u d i e s .  
2.14 Mission Phase. - (Referenced on a g iven  r e p o r t  o r  t a b u l a t i o n . )  A 
p o r t i o n  of t h e  .mission d u r i n g  which a g iven  row o r  column of t h e  r e p o r t  
o r  t a b u l a t i o n  a p p l i e s  t o  t h e  d a t a  repor ted .  
2.15 Module. - An independent s e c t i o n  of a v e h i c l e .  
2.16 Power Contingency. - The nominal power s o u r c e  c a p a b i l i t y  a l lowance,  
f o r  d e f i c i e n c i e s  i n  es t imated  o r  c a l c u l a t e d  power source  c a p a b i l i t y  d a t a  
and load requirement da t a .  Power cont ingency i s  a p o s i t i v e  al lowance 
which i s  h i s t o r i c a l l y  j u s t i f i e d  and e m p i r i c a l l y  determined. It i s  n o t  
t r e a t e d  as a n  u n c e r t a i n t y  i n  d i s p e r s i o n  s t u d i e s ,  b u t  may be s u b j e c t e d  t o  
u n c e r t a i n t y  a n a l y s i s  when inc luded  as a p a r t  of a nominal C r i t i c a l  Electr ical  
Power Property be ing  s o  analyeed. 
2.17 Power System. - A combination of components c o n s i s t i n g  of a power 
s o u r c e  or s e v e r a l  sources  supply ing  a power d i s t r i b u t i o n  system; t h e  
power d i s t r i b u t i o n  system; a l l  primary loads s u p p l i e d  by t h e  power d i s -  
t r i b u t i o n  system, i n c l u d i n g  c o n v e r t e r s  and r e g u l a t o r s ;  and secondary d i s -  
t r i b u t i o n  systems and loads s u p p l i e d  by c o n v e r t e r s  and r e g u l a t o r s .  
2.18 Power System I d e n t i f i c a t i o n .  - Stage ,  module, o r  GSE, i n  which power 
system i s  1.ocated; and i d e n t i f i c a t i o n  number which s h a l l  be  used f o r  a l l  
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components of t h e  power system. 
f o r  a system i n  which a l l  components are connected t o  a s i n g l e  bus.) 
(This  may, f o r  example, be a bus number 
2.19 Power System Mode. - Poin t  on a power d i s t r i b u t i o n  system: 
( a )  t o  which any component i s  connected 
(b)  where any branches o r  f o r k s  i n  wi r ing  a r e  loca t ed  
(c) where a connec tor  connects  two p a r t s  of t h e  system 
(d )  where a c o n t a c t o r  i s  loca ted  
(e) where a c i r c u i t  b reaker  is  i n s e r t e d .  
2.20 P rec i s ion .  - The degree  of agreement of r epea ted  independent mea-  
surements of a s i n g l e  q u a n t i t y ,  y i e l d e d  by repea ted  a p p l i c a t i o n s  of a 
measurement process  under s p e c i f i e d  condi t ions .  
2.21 P resen t  Electr ical  Power P r o p e r t i e s .  - The la tes t  e l e c t r i c a l  power 
p rope r ty  d a t a  de r ived  from des ign  d a t a ;  excludes growth f a c t o r s .  
2.22 P rocur ing  A c t i v i t y .  - Any agency which ma in ta ins  a d m i n i s t r a t i v e  
c o n t r o l  of a c o n t r a c t  en te red  i n t o  by t h e  agency and des ign  a c t i v i t y  
( c o n t r a c t o r ) .  
2.23 Random Error .  - E r r o r  of a measurement method which f l u c t u a t e s  
i r r e g u l a r l y  from obse rva t ion  t o  obse rva t ion  and which i s  caused by con- 
d i t i o n s  t h a t  cannot  be c o n t r o l l e d  completely. 
2.24 Regulator .  - Accepts e lec t r ica l  power a t  i n p u t  v o l t a g e  and v o l t a g e  
range. Accomplishes r e g u l a t i o n  t o  provide  output  v o l t a g e  w i t h  reduced 
v a r i a t i o n .  
2.25 Stage.  - An independent s e c t i o n  of a veh ic l e .  
2.26 Uncer ta in ty .  - A g e n e r a l  term f o r  t h e  es t imated  amount by which 
t h e  observed o r  c a l c u l a t e d  va lue  of a quan t i ty  may d e p a r t  from t h e  va lue  
accepted as t r u e .  
3. REQUIREMENTS 
3.1 
t a b l i s h e d  which i s  adequate  t o  a s s u r e  
t r i c a l  power o b j e c t i v e s .  
s i b i l i t y  and a u t h o r i t y  t o  a s s u r e  t h e  es tab l i shment  and maintenance of 
e lec t r ica l  power o b j e c t i v e s ,  and t h e  e f f e c t i v e  p lanning  and execu t ion  of 
e lec t r ica l  power management f u n c t i o n s ,  i n  accordance wi th  t h e  requirements  
of t h i s  document. 
t h e  procur ing  a c t i v i t y  a l l  submi t ted  p l ans  cover ing  i t s  t e c h n i c a l  o rgan i -  
z a t i o n a l  approach t o  e lec t r ica l  power management problems. 
General.  - A system of e lec t r ica l  power management s h a l l  be es- 
f u l f i l l m e n t  of t h e  program elec- 
Q u a l i f i e d  personnel  s h a l l  be a s s igned  t h e  respon-  
The des ign  a c t i v i t y  s h a l l  b e  prepared t o  review wi th  
3.2 E lec t r ica l  Power Ob jec t ives  
3.2.1 Development of Objec t ives  f o r  t h e  Acqu i s i t i on  Phase. - The primary 
purpose of a l l  e l e c t r i c a l  power e f f o r t  i n  t h e  Conceptual and D e f i n i t i o n  
3 
. 
Phases s h a l l  be t o  develop a c h i e v a b l e  e l ec t r i ca l  source  and load power 
o b j e c t i v e s  t o  be included i n  t h e  System S p e c i f i c a t i o n  f o r  an A c q u i s i t i o n  
Phase. During t h e  i n i t i a l  development o f ,  o r  any subsequent  change t o ,  
e l e c t r i c a l  power o b j e c t i v e s ,  t h e  d e s i g n  a c t i v i t y  s h a l l  g i v e  p a r t i c u l a r  
a t t e n t i o n  t o  r e q u i r e d  s u b s t a n t i a t i n g  a n a l y s e s ,  i n  o r d e r  t o  ass i s t  t h e  
procuring a c t i v i t y  i n  s p e c i f y i n g  t h e  o b j e c t i v e s  and t h e i r  l i m i t a t i o n s .  
3 . 2 . 2  Speci f ied  E l e c t r i c a l  Power Base f o r  Cont ro l  and Reporting. - 
Unless otherwise d i r e c t e d  by t h e  procur ing  a c t i v i t y ,  e l ec t r i ca l  power 
o b j e c t i v e s  inc luded  i n  an approved System S p e c i f i c a t i o n  s h a l l  con- 
s t i t u t e  t h e  S p e c i f i e d  Electr ical  Power Base f o r  c o n t r o l  and r e p o r t i n g  
purposes a t  go-ahead f o r  any phase. I f  an approved System S p e c i f i c a t i o n  
is  no t  a v a i l a b l e  a t  t h e  t i m e  of go-ahead, e l ec t r i ca l  power s p e c i f i c a t i o n s  
which a r e  j o i n t l y  coord ina ted  and documented s h a l l  be t r e a t e d  a s  t h e  
S p e c i f i e d  E l e c t r i c a l  Power Base f o r  c o n t r o l  and r e p o r t i n g  purposes ,  
u n t i l  a S y s t e m  S p e c i f i c a t i o n  i s  approved. 
3 . 3  Control 
3 . 3 . 1  Planning. - F u l f i l l m e n t  of program o b j e c t i v e s  r e q u i r e s  t h e  
procur ing  a c t i v i t y  t o  have cognizance of t h e  d e s i g n  a c t i v i t y ' s  o rgani -  
z a t i o n a l  and t e c h n i c a l  approaches t o  t h e  e l e c t r i c a l  power management 
e s s e n t i a l s  of a n a l y s i s ,  v e r i f i c a t i o n ,  improvement, r e p o r t i n g ,  and opera-  
t i o n a l  support  i n  t h e  f i e l d .  The d e s i g n  a c t i v i t y  s h a l l  p r e p a r e  p l a n s  
f o r  such approaches i n  accordance w i t h  t h i s  document. A l l  p l a n s  a re  
s u b j e c t  t o  approval  by t h e  procur ing  a c t i v i t y .  
3 . 3 . 2  Determination of E l e c t r i c a l  Power Parameters  
3 . 3 . 2 . 1  Design Monitoring. - The v e h i c l e  d e s i g n ,  and t h e  o p e r a t i n g  
c h a r a c t e r i s t i c s  of e l ec t r i ca l  power s o u r c e s ,  loads,  r e g u l a t o r s ,  c o n v e r t e r s ,  
and d i s t r i b u t i o n  systems s h a l l  be analysed and monitored cont inuous ly  
t o  e s t a b l i s h  c u r r e n t  e l e c t r i c a l  power p r o p e r t i e s ,  and t o  determine t r e n d  
r e l a t i o n s h i p s  w i t h  t h e  S p e c i f i e d  Elec t r ica l  Power Base. 
3 . 3 . 2 . 2  Design Sign  Off. - A l l  engineer ing  drawings,  procurement s p e c i -  
f i c a t i o n s ,  shop d e v i a t i o n s ,  and o t h e r  s o u r c e s  of change t o  components 
s h a l l  be s igned ,  p r i o r  t o  r e l e a s e  f o r  manufactur ing,  by personnel  respon- 
s i b l e  f o r  t h e  d e s i g n  a c t i v i t y ' s  e l e c t r i c a l  power management e f f o r t .  The 
s i g n a t u r e  s h a l l  v e r i f y  t h a t  t h e  e l e c t r i c a l  power p r o p e r t i e s  of t h e  com- 
ponents a r e  c o r r e c t l y  obta ined ,  coded, and i d e n t i f i e d  i n  t h e  e l ec t r i ca l  
power account ing system. 
3 . 3 . 2 . 3  Uncer ta in ty  Analyses. - Analyses s h a l l  be conducted t o  a s c e r t a i n  
t h e  u n c e r t a i n t i e s  of a l l  C r i t i c a l  Electr ical  Power P r o p e r t i e s  t o  provide  
va lues  fo r  use i n  d i s p e r s i o n  s t u d i e s ,  t o  v e r i f y  computed nominal v a l u e s  
a n a l y t i c a l l y ,  and t o  a s s i s t  i n  i d e n f i f y i n g  elements which w a r r a n t  tests 
v e r i f i c a t i o n .  
3 . 3 . 2 . 4  Limi t ing  Condit ion Analyses.  - Analyses s h a l l  be conducted f o r  
t h e  purpose of a s s i s t i n g  t h e  procur ing  a c t i v i t y  i n  e s t a b l i s h i n g  and 
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main ta in ing  t h e  c o n t r a c t u a l  e l e c t r i c a l  power l i m i t s ,  and t o  e s t a b l i s h  
o t h e r  e l e c t r i c a l  power l i m i t s  based on mandatory and a c c e p t a b l e  system 
o b j e c t i v e s  and func t ions ,  under t h e  c u r r e n t  des ign  and o p e r a t i n g  cha r -  
a c t e r i s t i c s .  
3 .3 .2 .5  V e r i f i c a t i o n  of C r i t i c a l  Elec t r ica l  Power P r o p e r t i e s .  - Each 
C r i t i c a l  Electr ical  Power Proper ty  and i t s  conformance to limits s h a l l  
be v e r i f i e d  by t h e  des ign  a c t i v i t y .  
approved a n a l y t i c a l  o r  experimental  methods o r  by a combinat ion the reo f .  
The methods may be app l i ed  t o  t h e  t o t a l  Cri t ical  Electrical  Power P rope r ty  
o r  t o  sub-element. Typ ica l  parameters  r e q u i r i n g  v e r i f i c a t i o n  by a n a l y s i s ,  
o r  by acceptance ,  development, o r  o t h e r  s p e c i a l  tes ts ,  are nominal and 
d i spe r sed  v a l u e s  of t h e  fo l lowing:  
V e r i f i c a t i o n  is  t o  be performed by 
a. Power s o u r c e  v o l t a g e  vs. loading  c h a r a c t e r i s t i c s ,  as a f u n c t i o n  of 
o p e r a t i o n a l  l i f e ,  t o t a l  power d r a i n ,  and o t h e r  p e r t i n e n t  parameters  
b. Converter  ou tput - input  c h a r a c t e r i s t i c s  as a f u n c t i o n  of loading  
c. Regulator  ou tput - input  c h a r a c t e r i s t i c s  as a f u n c t i o n  of loading  
d. Impedance of w i r ing ,  connec tors ,  c o n t r a c t o r s ,  c i r c u i t  b reakers ,  and 
o t h e r  e lements  of e lectr ical  power d i s t r i b u t i o n  systems. 
3 .3 .2 .6  Detail Electrical  Power P r o p e r t i e s  Measurements. - Measurement 
programs f o r  t h e  de t e rmina t ion  of t h e  a c t u a l  c h a r a c t e r i s t i c s  of e lec t r ica l  
power system elements  s h a l l  be e s t a b l i s h e d .  The measured d a t a  s h a l l  be 
used t o  v e r i f y  and r e p l a c e  t h e  c a l c u l a t e d  da ta  i n  e lectr ical  power r e p o r t s  
as t h e  f a b r i c a t i o n  c y c l e  progresses ,  
3 .3 .2 .7  Cont rac t  End I t e m  Electr ical  Power P r o p e r t i e s  Measurement. - 
A t  t h e  t i m e  of t es t  measurements of c o n t r a c t  end i t e m  p r o p e r t i e s ,  o r  
p r o p e r t i e s  of major p o r t i o n s  t h e r e o f ,  t h e  i t e m  be ing  measured s h a l l  simu- 
l a t e  t h e  f l i g h t  cond i t ion  as c l o s e l y  as poss ib le .  To t h e  maximum e x t e n t  
p r a c t i c a b l e ,  combinations of e lements  s h a l l  be in t e rconnec ted  t o  form a 
complete e l ec t r i ca l  power system, and measurements s h a l l  be made i n  t h i s  
condi t ion .  For  loads ,  t h e  a c t u a l  v o l t a g e  to l e rence  l i m i t s  w i t h i n  which 
ope ra t ion  meets s p e c i f i c a t i o n s  s h a l l  be measured. For  conve r t e r s  and 
r e p u l a t o r s ,  t h e  input -output  c h a r a c t e r i s t i c s  s h a l l  be measured f o r  t h e  
f u l l  range  of loads between z e r o  and f u l l  s p e c i f i c a t i o n  load. Complete 
d a t a  s h a l l  be measured on power sou rces  where it can  be demonstrated 
t h a t  t h i s  w i l l  n o t  adve r se ly  a f f e c t  s e r v i c e  l i f e  o r  r e l i a b i l i t y .  Where 
t h i s  i s  no t  t h e  case, t es t s  s h a l l  be devised which w i l l  p rov ide  t h e  
maximum conf idence  level of provid ing  v a l i d  f s g u r e s  f o r  t h e  d a t a  r e q u i r e d  
f o r  t h e  e lec t r ica l  power management program, wi thou t  caus ing  adve r se  
e f f e c t s .  
and a c t u a l  o p e r a t i n g  c u r r e n t s  of c i r c u i t  breakers  s h a l l  be measured. 
Impedance s h a l l  be  measured f o r  power d i s t r i b u t i o n  components, 
3 .3 .2 .8  N o t i f i c a t i o n  of Measurement. - I n  a l l  cases of measurements t o  
be performed i n  accordance wi th  procur ing  a c t i v i t y  approved procedures ,  
t h e  d e s i g n  a c t i v i t y  s h a l l  n o t i f y  t h e  procuring a c t i v i t y  of t h e  t i m e  and 
p l a c e  a t  l e a s t  one week i n  advance. 
3 .3 .2 .9  P o s t - F l i g h t  Analyses.  - Adequate in s t rumen ta t ion  and procedures ,  
s u b j e c t  t o  approval  by t h e  procur ing  a c t i v i t y ,  s h a l l  be provided t o  permit  
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p o s t - f l i g h t  ana lyses  of t h e  a c t u a l  i n i t i a l  and t e r m i n a l  e lec t r ica l  power 
c o n d i t i o n s  of t h e  f l i g h t .  P o s t - f l i g h t  a n a l y s e s  s h a l l  be performed t o  
r e l a t e  t h e  planned c o n d i t i o n s  wi th  t h o s e  of t h e  f l i g h t ,  and t o  re la te  t h e  
performance achieved t o  t h e s e  c o n d i t i o n s .  
3.3.2.10 
p l a n  and provide adequate  e l e c t r i c a l  power systems s u p p o r t ,  s u b j e c t  t o  
approval  by t h e  procur ing  a c t i v i t y ,  t o  f l i g h t  o p e r a t i o n s  i n  t h e  f i e l d .  
This  support  s h a l l  m a i n t a i n  C r i t i c a l  E l e c t r i c a l  Power i n p u t s  t o  f l i g h t  p lan-  
n i n g  which a r e  i n  agreement w i t h  t h e  a c t u a l  v e h i c l e  c o n f i g u r a t i o n ,  and 
w i t h  condi t ions  a f f e c t i n g  t h e  planned loading  of sources  and o p e r a t i o n  of 
loads.  
F i e l d  Support  of F l i g h t  Operat ions.  - The d e s i g n  a c t i v i t y  s h a l l  
3.3.3 Improvement Act ion 
3.3.3.1 Means t o  Meet S p e c i f i e d  E l e c t r i c a l  Power P r o p e r t i e s .  - E l e c t r i c a l  
power management personnel ,  working w i t h  a n a l y t i c a l  and des ign  personnel ,  
and cons ider ing  such governing c r i t e r i a  as r e l i a b i l i t y ,  performance, 
schedule ,  and c o s t ,  s h a l l  de te rmine  means t o  i n s u r e  t h a t  s p e c i f i e d  e l ec t r i ca l  
power p r o p e r t i e s  a r e  m e t  o r  b e t t e r e d .  
3.3.3.2 Improvement P o t e n t i a l s .  - A summary of a l l  improvement p o t e n t i a l s  
which cculd be used t o  o f f s e t  e l ec t r i ca l  power p r o p e r t i e s  o r  performance 
degrada t ion  s h a l l  be maintained and r e p o r t e d .  E l e c t r i c a l  power a n a l y s e s  f o r  
a l l  a l t e r n a t i v e  d e s i g n  c o n f i g u r a t i o n s  s h a l l  be included i n  t h e  documentation. 
3.3.3.3 Problem D e f i n i t i o n .  - The procur ing  a c t i v i t y  s h a l l  be  n o t i f i e d  
immediately of any problem r e q u i r i n g  improvement a c t i o n ,  w i t h  a s ta tement  
of t h e  problem and t h e  p o t e n t i a l  e f f e c t  of e l ec t r i ca l  power p r o p e r t i e s  and 
performance when: 
a. Program o b j e c t i v e s  a r e  endangered. 
b. Es tab l i shed  c o n t r o l  parameters  have been reached o r  exceeded. 
3.3.3.4 C o r r e c t i v e  Action. - The d e s i g n  a c t i v i t y  s h a l l  t a k e ,  o r  recommend 
t o  t h e  procuring a c t i v i t y ,  a c t i o n s  which w i l l  c o r r e c t  t h e  recognized de- 
f i c i e n c i e s  . 
3.4 
document, u n l e s s  o therwise  s p e c i f i e d  by t h e  procur ing  a c t i v i t y .  
Documentation. - Reports  s h a l l  be submit ted i n  accordance w i t h  t h i s  
3.4.1 Types of Reports Required. - The r e q u i r e d  r e p o r t s  a r e  d e s c r i b e d  by 
t h e  fol lowing g e n e r a l  types .  
S e c t i o n s  3.4.2 and 3.4.3 3nd may vary  accord ing  t o  t h e  phase of procurement. 
Thei r  s p e c i f i c  composition i s  set f o r t h  i n  
3 .4 .1 .1 Detail E l e c t r i c a l  Power Reports .  - Repor ts  i n  t h i s  ca tegory  provide  
comprehensive d e t a i l  documentation of t h e  e l e c t r i c a l  power p r o p e r t i e s .  
Vehic les  o r  v e h i c l e  blocks r e p o r t e d  upon s h a l l  be t h o s e  s p e c i f i e d  by t h e  
procur ing  a c t i v i t y .  
3.4.1.2 E l e c t r i c a l  Power S t a t u s  Reports .  - Reports  i n  t h i s  ca tegory  provide  
9 p r e s e n t  s t a t u s  of t h e  e l e c t r i c a l  power systems,  of changes s i n c e  t h e  l a s t  
r e p o r t ,  and of problems encountered and p r o g r e s s  made i n  t a s k s  a s s o c i a t e d  
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w i t h  t h e  electrical  power management program. Vehic les  o r  v e h i c l e  b locks  
r e p o r t e d  upon s h a l l  be those  s p e c i f i e d  by the  procur ing  a c t i v i t y .  
3.4.1.3 Procedura l  Reports.  - Repor ts  i n  t h i s  ca tegory  provide  o u t l i n e s  of 
t h e  d e s i g n  a c t i v i t y  approach f o r  s a t i s f y i n g  t h e  requi rements  of t h i s  docu- 
ment. I n i t i a l  s u b m i t t a l s  occur s u f f i c i e n t l y  i n  advance of implementat ion 
t o  permi t  t h e i r  review and approval ,  
3.4.1.4 Miscel laneous Reports.  - Submit ta l  d a t e s  f o r  t h e  fo l lowing  r e p o r t s  
i n  t h i s  ca tegory  cannot  be s p e c i f i e d  i n  t h i s  document. 
3.4.1.4.1 Con t rac t  Changes Proposa ls .  - Information t o  e v a l u a t e  and sub- 
s t a n t i a t e  t h e  e f f e c t  on v e h i c l e  e lectr ical  power p r o p e r t i e s  from proposed 
changes. Submi t ta l  occu r s  wi th  t h e  Change Proposal .  
3.4.1.4.2 T e s t  Resul t s .  - R e s u l t s  of  t e s t i n g  t o  v e r i f y  parameters  f o r  t h e  
e lec t r ica l  power system elements  submit ted i n  accordance w i t h  t h e  d e s i g n  
a c t i v i t y ’ s  E lec t r ica l  Power P r o p e r t i e s  V e r i f i c a t i o n  Plan. 
3.4.2 Report  Composition 
3.4.2.1 General.  - This  s e c t i o n  e s t a b l i s h e s  t h e  minimum con ten t  r e q u i r e -  
ments f o r  t h e  v a r i o u s  r e p o r t s  c a l l e d  f o r  under t h e  s u b m i t t a l  schedule  set 
f o r t h  i n  S e c t i o n  3.4.4. 
3.4.2.1.1 Forms. - Report e lements  which r e q u i r e  t h e  use  of  forms s h a l l  
employ forms s i m i l a r  t o  t hose  i l l u s t r a t e d  i n  Appendix A. 
3.4.2.1.2 Curren t  Electrical  Power Rela t ionships .  - The d e s i g n  a c t i v i t y  
s h a l l  r e p o r t  p r e s e n t  e lectr ical  power s u m a r i e s  and d e t a i l s  i n  a manner 
t o  f a c i l i t a t e  r a p i d  e s t ab l i shmen t  of t h e i r  r e l a t i o n s h i p  t o  p r e s e n t  per -  
formance, d e s i g n ,  and miss ion  f u n c t i o n s  of t h e  system. 
3.4.2.2 Report  Elements. - Reports  s h a l l  be composed of t h e  a p p l i c a b l e  
e lements  l i s t e d  i n  Table  1, page 15, and descr ibed  i n  Sec t ion  3.4.3. 
3.4.3 D e s c r i p t i o n  of Report  Elements 
3.4.3.1 
con ta in ing  t h e  fo l lowing  in fo rma t ion ,  a s  a p p l i c a b l e :  
T i t l e  Page. - The f i r s t  page of each r e p o r t  s h a l l  be a t i t l e  page 
a. Report number 
b. Type of s u b m i t t a l  
c. Vehic le  f l i g h t  number 
d.  Stage,  module, o r  GSE 
e. Appl icable  serial  numbers 
f .  Date of i s suance  
g. Actual  d a t e  of d a t a  r epor t ed  
h. Design a c t i v i t y ’ s  name 
i. Mission i d e n t i f i c a t i o n .  
3.4.3.2 Table  of Contents.  - A t a b l e  of conten ts  s h a l l  fo l low t h e  t i t l e  page. 
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3.4.3.3 I n t r o d u c t i o n .  - Summarize s i g n i f i c a n t  m a t e r i a l  contained i n  t h e  
r e p o r t .  References t o  s u b s t a n t i a t i n g  documents, r e p o r t s ,  correspondence,  
and o t h e r  p e r t i n e n t  in format ion  s h a l l  be inc luded .  
Note: For r e p o r t s  conta in ing  a n  E l e c t r i c a l  Power Summary, a c o n c i s e  manage- 
ment review t a b u l a t i o n  s h a l l  be inc luded ,  p r e s e n t i n g  t h e  fol lowing a s  a p p l i -  
c a b l e  : 
a. Control Parameter,  on a complete power system b a s i s ,  i n c l u d i n g :  
1. Tota l  source  power a v a i l a b l e  
2 .  Tota l  load power consumption 
3. Source peak power a v a i l a b l e  
4. Peak load power r e q u i r e d .  
property which has  reached o r  exceeded i t s  c o n t r o l  parameter ,  
s p e c i f y  t h e  fo l lowing .  
1. Control parameter and i t s  a s s o c i a t e d  l i m i t  
2.  Present  nominal e l e c t r i c a l  v a l u e  
3.  Accuracy o r  u n c e r t a i n t y  of t h e  p r e s e n t  nominal v a l u e  
c. Highl ights  of newly encountered problems. 
b. Control Parameter Encroachment - f o r  eAch c u r r e n t  e l e c t r i c a l  
3.4.3.4 Design A c t i v i t y  Elec t r ica l  Power Management Organizat ion.  - Furnish  
o r g a n i z a t i o n  c h a r t s  and d e s c r i p t i v e  m a t e r i a l  t o  i d e n t i f y  t h e  key personnel  
r e s p o n s i b l e  f o r  e l ec t r i ca l  power management, t h e i r  r e s p o n s i b i l i t i e s ,  t h e i r  
r e l a t i o n s h i p  t o  o t h e r  e lements  of t h e  o r g a n i z a t i o n ,  and t h e  percentage  of 
t h e i r  time devoted t o  t h e  c o n t r a c t .  T h i s  d a t a ,  submit ted f o r  i n f o r m a t i o n  
on ly ,  w i l l  be f o r  procur ing  a c t i v i t y ' s  i n t e r n a l  use.  
3.4.3.4.1 Design A c t i v i t y  E l e c t r i c a l  Power Management Plan. - A l l  p l a n s  
prepared i n  accordance w i t h  3.1 s h a l l  be  submit ted t o  t h e  procur ing  a c t i v i t y  
f o r  approva 1. 
3.4.3.5 E l e c t r i c a l  Power Summary. - Provide d a t a  d e r i v e d  from p r e s e n t  d e t a i l  
d a t a .  To provide  a l o g i c a l  bui ldup t o  t o t a l  g r o s s  f i g u r e s ,  the.  fo l lowing  
procedure w i l l  be used. The l o a d s  on each r e g u l a t o r  o r  conver te r  w i l l  be 
t o t a l e d .  The r e q u i r e d  i n p u t  power f o r  each c o n v e r t e r  o r  r e g u l a t o r  f o r  t h i s  
ou tput  power w i l l  be determined. The t o t a l  of t h e s e  i n p u t  power f i g u r e s  
w i l l  be  added t o  t h a t  f o r  t h e  l o a d s  connected d i r e c t l y  t o  t h e  bus. The 
power l o s s e s  i n  t h e  w i r i n g ,  connec tors ,  c o n t a c t s ,  c i r c u i t  b reakers ,  e tc .  
w i l l  then  be added t o  o b t a i n  t h e  t o t a l  power f i g u r e .  T h i s  procedure w i l l  
be followed f o r  o b t a i n i n g  power by miss ion  phase,  f o r  o b t a i n i n g  peak power, 
and f o r  ob ta in ing  t o t a l  w a t t  hours .  T h i s  in format ion  s h a l l  be r e p o r t e d  on 
a form similar t o  Form 1, (Appendix A ) .  
in format ion  r e p o r t e d  s h a l l  be as f o l l o w s :  
The minimum a c c e p t a b l e  amount of 
a .  Power System I d e n t i f i c a t i o n  - I d e n t i f i c a t i o n  of  power system, and 
mode o f  o p e r a t i o n ,  where a p p l i c a b l e ,  such as Normal, Emergency, 
Ground Power, etc.  For each power system, d a t a  s h a l l  be g i v e n  f o r  
each a p p l i c a b l e  mode. 
Information Code - I d e n t i f i e s  t h e  u n i t s  of t h e  q u a n t i t a t i v e  informa- 
t i o n ,  and a p p l i c a b i l i t y  t o  s o u r c e  o r  combined loads .  
b. 
c. Specif ied Base F igure  - O r i g i n a l  s p e c i f i e d  base.  
a 
d. Procuring A c t i v i t y  and Government Furnished Equipment (GFE) Changes - 
Changes r e s u l t i n g  from des ign  changes i n i t i a t e d  by t h e  procur ing  
a c t i v i t y ,  and over  or  under power p r o p e r t i e s  of GFE. 
o r  -. 
Presen t  - Most v a l i d  a v a i l a b l e  p re sen t  f i g u r e .  
Changes from las t  p r e s e n t  - Changes i n  p r e s e n t  f i g u r e s  s i n c e  l a s t  
r e p o r t .  These changes s h a l l  be c ros s  re ferenced  t o  t h e  change an- 
a l y s i s  element of t h e  r e p o r t .  (Paragraph 3.4.3.7). 
Percentage  Breakdown of P resen t  - Percent  of p r e s e n t  f i g u r e s  which 
i s  es t ima ted ,  c a l c u l a t e d ,  and a c t u a l .  
Note Number - Reference numbers f o r  explana tory  n o t e s ,  remarks, o r  
change a n a l y s i s  r e fe rence .  
I d e n t i f y  as + 
e. Revised Spec i f i ed  Base - The a l g e b r a i c  sum of (c) and ( d )  above 




3.4.3.6 Detail  Electrical  Power Data. - Provides a complete breakdown of t h e  
component's p r e s e n t  e lec t r ica l  power p r o p e r t i e s .  This  d a t a  s h a l l  be prepared 
on s e p a r a t e  forms s a i t a b l e  f o r  t h e  r equ i r ed  in fo rma t ion  on power sou rces ,  
power d i s t r i b u t i o n  s y s t m s ,  c o n v e r t e r s  and r e g u l a t o r s ,  and e lec t r ica l  power 
loads .  Form 2 ,  P a r t s  I ,  11, 111, IVY and V (Appendix A ) ,  w i th  a t t ached  
d e f i n i t i o n s  and i n s t r u c t i o n s ,  i n d i c a t e  s u i t a b l e  formats  and t h e  informat ion  
r equ i r ed .  
3.4.3.7 Change Analysis  and Improvement P o t e n t i a l s  
3.4.3.7.1 Electrical  Power Change Analysis .  - An exp lana t ion  of s i g n i f i c a n t  
changes i n  p r e s e n t  e lectr ical  power d a t a  s h a l l  be r e p o r t e d  on a form s i m i l a r  
t o  Form 3 (Appendix- A). A l l  changes i n  Government Furnished Equipment 
e l e c t r i c a l  power requirements  s h a l l  be  i d e n t i f i e d  and explained.  Each change 
s h a l l  be c ros s - r e fe renced  t o  t h e  Electr ical  Power Summary r e p o r t .  The 






f .  
g =  
Note Number - Reference number corresponding t o  t h e  n o t e  number i n  
t h e  Electr ical  Power Summary. 
Component a f f e c t e d  - I d e n t i f i e s  s p e c i f i c  component of Electrical Power 
System f o r  which e lec t r ica l  d a t a  has  changed. 
Change, T o t a l  - T o t a l  change i n  e l e c t r i c a l  p rope r ty  f o r  each cmponent .  
(Peak power, wat t -hours ,  v o l t a g e  o r  frequency, impedance, etc. as 
app l i cab le . )  
E f f e c t i v e  Po in t  - Vehic le  e f f e c t i v i t y ,  as app l i cab le .  
Change, Con t rac to r  R e s p o n s i b i l i t y  - Change i n  e lec t r ica l  power 
r e s u l t i n g  from c o n t r a c t o r  changes. 
Change, Procur ing  A c t i v i t y  Respons ib i l i t y  - Change i n  e lec t r ica l  power 
r e s u l t i n g  from changes reques ted  by the Procur ing  A c t i v i t y .  
a d d i t i o n  where t h e  a c t u a l  change d i f f e r s  m a t e r i a l l y  from t h e  au tho r i zed  
change, a p p r o p r i a t e  comments s h a l l  be inc luded ,  c a l l i n g  a t t e n t i o n  t o  
and i n d i c a t i n g  t h e  magnitude of t h e  d i f f e r e n c e s  i n  e lec t r ica l  power. 
Remarks - Explana t ion  of each change, w i t h  r e f e r e n c e  a u t h o r i t y .  
Changes which r e s u l t  from r e c o n c i l i a t i o n  of p r e d i c t e d  va lues  wi th  
t es t  r e s u l t s  s h a l l  be f u l l y  i d e n t i f i e d .  
I n  
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3.4.3 
i n  e l  
pos a 1 
.7. 
e c t  
s ,  
2 Pending E l e c t r i c a l  Power Change Analysis .  - Each pending change 
: r i c a l  power, of any s i g n i f i c a n c e ,  i n c l u d i n g  c o n t r a c t  change pro-  
s h a l l  be r e p o r t e d  on a form s i m i l a r  t o  Form 3 (Appendix A). 
S e p a r a t e  forms w i l l  be used t o  i t e m i z e  t h e  fo l lowing  c a t e g o r i e s  of change: 
a. Changes e s t a b l i s h e d  subsequent  t o  t h e  b a s i c  r e p o r t  c l o s e - o u t  da te .  
b. C o r r e c t i v e  a c t i o n  changes recommended by t h e  c o n t r a c t o r  t o  c o r r e c t  
c. Other pending changes. 
recognized d e f i c i e n c i e s .  
T h i s  r e p o r t  s h a l l  c o n t a i n  t h e  fo l lowing  minimum informat ion  f o r  each change: 
A s  l i s t e d  i n '  Paragraph 3.4.3.7.1, p l u s  c a s e  number. 
3.4.3.7.3 Summary of Improvement P o t e n t i a l s .  - Tabula te  a l l  e l e c t r i c a l  
power improvement p o t e n t i a l s  which could  be used t o  o f f s e t  degrada t ions .  
I n c l u d e  i d e n t i f i c a t i o n  o r  c a s e  number, and b e s t  e s t i m a t e s  of e f f e c t s  on 
e l e c t r i c a l  power, schedule ,  c o s t s ,  r e l i a b i l i t y ,  and e f f e c t i v i t y .  I n d i c a t e  
whether  t e c h n i c a l  f e a s i b i l i t y  i s  e s t a b l i s h e d  o r  r e q u i r e s  f u r t h e r  s tudy.  
Items which have been r e j e c t e d  s h a l l  be accumulated,  t o g e t h e r  w i t h  t h e  
r e a s o n s  f o r  r e j e c t i o n .  
3.4.3.8 Unresolved Problems. - A l l  problems t h a t  may a f f e c t  t h e  e l e c t r i c a l  
power s y s t e m  s h a l l  be r e p o r t e d  a t  t h e  e a r l i e s t  p o s s i b l e  t i m e ,  i n c l u d i n g  t h e  
e l e c t r i c a l  power system a f f e c t e d ,  a c t i o n  being taken,  and an estimate of 
when t h e  problem w i l l  be  resolved.  
3.4.3.9 E l e c t r i c a l  Power P r o p e r t i e s  S u b s t a n t i a t i n g  Data. - V a l i d a t e  t h e  
r e p o r t e d  values  by i n c l u d i n g  t h e  a n a l y t i c a l ,  s t a t i s t i c a l ,  o r  e m p i r i c a l  
methods used i n  t h e i r  d e r i v a t i o n s .  Where v a l u e s  are  determined by an 
accumulation of s e p a r a t e  equipment v a l u e s ,  va lues  s h a l l  be g iven  f o r  each 
component , 
3.4.3.10 Government Furnished Equipment. - A s e p a r a t e  t a b u l a t i o n  of 
a l l  GFE s h a l l  be prepared f o r  each v e h i c l e  s t a g e  and module, and f o r  GSE 
f o r  each f l i g h t  number, showing t h e  drawing number and d e s c r i p t i o n ,  
s e r i a l  number where a p p l i c a b l e ,  number r e q u i r e d ,  and t h e  component and 
t o t a l  s p e c i f i e d  e l e c t r i c a l  power p r o p e r t i e s .  P r o v i s i o n s  s h a l l  b e  inc luded  
t o  record  t h e  ac tua l  component and t o t a l  power and t h e  d i f f e r e n c e  between 
t o t a l  s p e c i f i e d  and t o t a l  a c t u a l  power. 
3.4.3.11 Actua l  E l e c t r i c a l  Power P r o p e r t i e s  Data Records. - Actua l  e l ec t r i -  
c a l  power p r o p e r t i e s  d a t a  r e c o r d s  s h a l l  be provided f o r  each major measure- 
ment performed. i n  accordance w i t h  procedures  approved by t h e  procur ing  
a c t i v i t y .  
3.4.3.11.1 Records f o r  a l l  Measurements. - These r e c o r d s  s h a l l  i n c l u d e  t h e  
f o l  lowing f o r  a 1  1 such measurements : 
a. Location where measurements were performed, s i g n a t u r e  of a u t h o r i z e d  
i n d i v i d u a l  r e s p o n s i b l e  f o r  t h e  e n t r i e s ,  d a t e  and t i m e  of e n t r i e s ,  
d a t e  of l a s t  equipment c a l i b r a t i o n ,  document number of t h e  approved 
measuring procedures ,  and i d e n t i f i c a t i o n  of t h e  component measured. 
Provis ion  f o r  t h e  s i g n a t u r e  of a procur ing  a c t i v i t y  w i t n e s s  on each 
page of t h e  d a t a  record  t h a t  i n c l u d e s  measured da ta .  
b. 
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3.4.3.12 Eva lua t ion  of F l i g h t .  - Compare the  a c t u a l  launch e l e c t r i c a l  
power p r o p e r t i e s ,  and t h e  a c t u a l  e l e c t r i c a l  power p r o p e r t i e s  v a r i a t i o n s  
throughout  t h e  f l i g h t  w i t h  t h e  p r e d i c t e d  e l e c t r i c a l  power p r o p e r t i e s  f l i g h t  
d a t a .  An e v a l u a t i o n  of t h e  c r i t i c a l  e l e c t r i c a l  power p r o p e r t i e s ,  uncer- 
t a i n t i e s ,  and o t h e r  p e r t i n e n t  d a t a  s h a l l  be inc luded  i n  t h e  f i n a l  pos t  
f l i g h t  r e p o r t s  t o  s u b s t a n t i a t e  e l e c t r i c a l  power p r o p e r t i e s  conta ined  i n  
t h e  d e s i g n  a c t i v i t y t s  F i n a l  F l i g h t  Evalua t ion  Report. Quick look r e p o r t s  
should be conf ined  t o  g ross  in fo rma t ion  and a n a l y s i s  based on t h e  b e s t  
a v a i l a b l e  sou rces  t o  conf i rm e i t h e r  normal f l i g h t  e lectr ical  power pro- 
p e r t i e s  c o n d i t i o n s  o r  apparent  anomalies. 
3.4.3.13 Electr ical  Power P r o p e r t i e s  L i m i t s .  - Elec t r ica l  power p r o p e r t i e s  
l i m i t s  s h a l l  i n c l u d e  t h e  fo l lowing :  
a. A t a b u l a t i o n  of t h e  l i m i t i n g  cond i t ions  and t h e  a s s o c i a t e d  elec- 
t r i c a l  power p r o p e r t i e s  l i m i t s  which a r e  e s t a b l i s h e d  by c o n t r a c t .  
Inc lude  r e f e r e n c e  t o  t h e  c o n t r a c t  document and page where t h e  
requirement i s  placed. 
b. A t a b u l a t i o n  of t h e  l i m i t i n g  cond i t ions  and t h e  a s s o c i a t e d  elec- 
t r i c a l  power p r o p e r t i e s  l i m i t s  which a r e  e s t a b l i s h e d  by mandatory 
and a c c e p t a b l e  system o b j e c t i v e s  and f u n c t i o n s  under t h e  c u r r e n t  
d e s i g n  and o p e r a t i n g  c h a r a c t e r i s t i c s .  
of each e l e c t r i c a l  power p rope r ty  cond i t ion  t a b u l a t e d  i n  (b )  above. 
c. Analyses suppor t ing  and e s t a b l i s h i n g  t h e  a l lowab le  l i m i t i n g  va lues  
3.4.3.14 E l e c t r i c a l  Power P r o p e r t i e s  V e r i f i c a t i o n  Plan. - I d e n t i f y  c r i -  
t i c a l  e l e c t r i c a l  power p r o p e r t i e s ,  o r  elements t h e r e o f ,  f o r  which expe r i -  
mental  v e r i f i c a t i o n  i s  proposed, and t h o s e  f o r  which exper imenta l  v e r i f i c a -  
t i o n  i s  no t  proposed. J u s t i f i c a t i o n  s h a l l  be provided f o r  both cases. T e s t  
p l ans  s h a l l  be inc luded  f o r  exper imenta l  measurements proposed. A gu ide  
f o r  p repa r ing  t h e  r equ i r ed  in fo rma t ion  is given i n  Appendix B. 
3.4.3.15 
f o r  r e s e a r c h  and development s h a l l  i n c l u d e  t h e  fo l lowing:  
t h e  d e t a i l  e l e c t r i c a l  power p rope r ty  changes r e s u l t i n g  from f i e l d  changes 
i n  c o n f i g u r a t i o n  and from changes i n  opera t ing  cond i t ions .  
t r i c a l  power p rope r ty  r eco rds  of changes i n  t h e  f i e l d  are  t o  be picked up, 
eva lua ted ,  and r e c a p i t u l a t e d  f o r  r a p i d  p r e -  and p o s t - f l i g h t  r e p o r t i n g  t o  t h e  
procur ing  a c t i v i t y  and t o  o t h e r  d e s i g n  a c t i v i t i e s  as r equ i r ed .  
equipment f o r  accomplishment of t h e  above. 
o r g a n i z a t i o n s  i n  t h e  f i e l d  and t h e  home p lan t  f o r  a s s u r i n g  r a p i d  r e sponse  
t o  and r e p o r t i n g  of changes occur r ing  i n  the  f i e l d .  The p r i n c i p a l  p o i n t s  
of c o n t a c t ,  i n  t h e  f i e l d  and a t  t h e  home p lan t ,  s h a l l  be i n d i c a t e d  t o  es- 
t a b l i s h  t h e  means by which p re l imina ry  informat ion  of f i e l d - o r i s i n a t e d  
changes can  be obta ined .  
Opera t iona l  Support P lan  f o r  R&D. - The o p e r a t i o n a l  suppor t  p l an  
a. D e s c r i p t i o n  of t h e  procedures t o  be employed t o  de te rmine  and r eco rd  
b. D e s c r i p t i o n  of t h e  methods and channels through which d e t a i l  elec- 
c. A d e s c r i p t i o n ,  and t h e  in tended  use ,  of a p p l i c a b l e  f a c i l i t i e s  and 
d. An o u t l i n e  of t h e  o r g a n i z a t i o n a l  r e l a t i o n s h i p s  between d e s i g n  a c t i v i t y  
3.4.3.16 
as i t s  o b j e c t i v e  t h e  a s su rance  t h a t  i n - f l i g h t  e l e c t r i c a l  power p r o p e r t i e s  
changes are adequa te ly  and promptly de t ec t ed  o r  determined dur ing  f l i g h t ,  
and t h a t  any d e c i s i o n  f o r  i n - f l i g h t  change t o  mis s ion  performance o b j e c t i v e s  
Opera t iona l  Support P l a n  f o r  O r b i t a l  Phase. - This  p l an  s h a l l  have 
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may be obtained w i t h  t h e  c o r r e c t  C r i t i c a l  E l e c t r i c a l  Power P r o p e r t i e s .  
The p l a n  s h a l l  i n c l u d e  an examinat ion of con t ingenc ie s  which may l o g i c a l l y  
cause  s i g n i f i c a n t  d e v i a t i o n s  i n  e l e c t r i c a l  power c h a r a c t e r i s t i c s ;  p rov i s ions  
f o r  improving e l e c t r i c a l  power c h a r a c t e r i s t i c s  by emergency measures t o  
reduce power consumption; and p rov i s ions  f o r  r a p i d l y  d i s p l a y i n g  r e s u l t s  
t o  t h e  crew o r  c o n t r o l l i n g  s t a t i o n .  
3.4.4 Report Submi t ta l  Requirements 
3.4.4.1 Schedule of Submi t ta l s .  - Unless  o the rwise  s p e c i f i e d  by t h e  pro- 
c u r i n g  a c t i v i t y ,  Table  I c o n s t i t u t e s  t h e  r equ i r ed  s u b m i t t a l  schedules  f o r  
r e p o r t s .  The schedules  r e f l e c t  r equ i r ed  d a t e s  f o r  r e c e i p t  oE f i n a l  des ign  
a c t i v i t y  approved documents a t  t h e  o f f i c e  of t h e  procur ing  a c t i v i t y  where 
t e c h n i c a l  management of t h e  program r e s i d e s .  Where t h e  i n t e r e s t s  of t h e  
program r e q u i r e ,  t h e  des ign  a c t i v i t y  s h a l l  be prepared  t o  provide  supp le -  
mental  da ta  o r  in formal  i n p u t s  f o r  any r e p o r t  i n  an  exped i t ious  manner. 
3.4.4.2 Dis t r ibu t ion .  - Direct d i s t r i b u t i o n  i s  r e q u i r e d  t o  t h e  organiza-  
t i o n  which has  t e c h n i c a l  e l e c t r i c a l  power p rope r ty  cognizance of t h e  pro- 
gram, and t o  such o t h e r  d i s t r i b u t i o n  as t h e  p rocur ing  a c t i v i t y  s p e c i f i e s .  
3.4.4.3 Approvals. - Unless o the rwise  s p e c i f i e d  by t h i s  document, o r  t h e  
procur ing  a c t i v i t y ,  a l l  r e p o r t s  a re  submi t ted  f o r  in format ion  only.  
3.5  Subcontractor  Surve i l l ance .  - The des ign  a c t i v i t y  s h a l l  be respon-  
s i b l e  f o r  t h e  adequacy of t he  e l ec t r i ca l  power p r o p e r t i e s  management 
e f f o r t s  of t h e  subcon t rac to r s  f o r  t h e i r  r e s p e c t i v e  system. Where a p p l i c a b l e ,  
an  e l ec t r i ca l  power p r o p e r t i e s  s e c t i o n ,  comparable t o  and compat ib le  w i t h  
t h e  requirements  set  f o r t h  i n  t h i s  document, s h a l l  be prepared  and i n c o r -  
pora ted  i n t o  each procurement s p e c i f i c a t i o n .  
3 .6  Associate  Design A c t i v i t y  and GFE Supp l i e r s  I n t e r f a c e s .  - A s s o c i a t e  
des ign  a c t i v i t y  and GFE s u p p l i e r s  s h a l l  be r e s p o n s i b l e  f o r  a s s u r i n g  t h a t  
t h e r e  i s  s u f f i c i e n t  i n t e rchange  of e l ec t r i ca l  power d a t a  t o  suppor t  t h e  
i n t e g r a t i o n  of subcomponent e l e c t r i c a l  power p r o p e r t i e s  i n t o  t h e  complete  
component e l e c t r i c a l  power p r o p e r t i e s  and s h a l l  promptly respond t o  r e q u e s t s  
from t h e i r  i n t e r f a c e s  and i n t e g r a t i o n  des ign  a c t i v i t i e s  f o r  i n fo rma t ion  re- 
qu i r ed  by them i n  s a t i s f a c t i o n  of t h e  requi rements  of t h i s  document. 
4. QUALITY ASSURANCE PROVISIONS 
4.1 Respons ib i l i t y  f o r  Inspec t ion .  - Unless  o the rwise  s p e c i f i e d  i n  t h e  
c o n t r a c t  o r  purchase o rde r ,  t h e  s u p p l i e r  i s  r e s p o n s i b l e  f o r  t h e  perform- 
ance of a l l  i n s p e c t i o n  requirements  as noted  here in .  Except as o the rwise  
s p e c i f i e d ,  t he  s u p p l i e r  may u t i l i z e  h i s  own f a c i l i t i e s  o r  any commercial 
l abora tory  a c c e p t a b l e  t o  t h e  Government. The Government r e s e r v e s  t h e  r i g h t  
t o  perform any of t h e  i n s p e c t i o n s  s e t  f o r t h  i n  t h e  s p e c i f i c a t i o n  where 
such in spec t ions  are deemed necessa ry  t o  a s s u r e  s u p p l i e s  and services 
conform t o  p re sc r ibed  requirements .  
4.2 Inspec t ion  Methods 
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4.2.1 
examined t o  de te rmine  conformance with t h i s  s t anda rd  wi th  r e s p e c t  t o  a l l  
t h e  requi rements  noted here in .  
Examination. - The e l e c t r i c a l  power c o n t r o l  d a t a  s h a l l  be thoroughly 
4.2.2 Del ivery.  - The d a t a  package s h a l l  be examined t o  a s c e r t a i n  t h a t  
t h e  p r e p a r a t i o n  f o r  d e l i v e r y  conforms t o  t h i s  s tandard .  
5. PREPARATION FOR DELIVERY 
5.1 P r e s e r v a t i o n  and Packaging 
5.1.1 
preserved  and packaged i n  accordance wi th  Method I C  of S p e c i f i c a t i o n  




Level  C. - P r e s e r v a t i o n  and packaging s h a l l  be as s t i p u l a t e d  i n  
5.2 Packing 
5.2.1 Level  A. - E l e c t r i c a l  power p r o p e r t i e s  c o n t r o l  d a t a  s h a l l  adequate ly  
be packed t o  m e e t  t h e  c a r r i e r s '  r u l e s  and r e g u l a t i o n s  and t o  i n s u r e  safe 
d e l i v e r y  a t  d e s t i n a t i o n .  Such packs s h a l l  meet s e c u r i t y  r e g u l a t i o n s  when 
c o n t e n t s  are c l a s s i f i e d .  See paragraph 6.2.2. 
6. NOTES 
6.1 
t i n g  each des ign  a c t i v i t y ' s  e lec t r ica l  power c o n t r o l  c a p a b i l i t y  and 
e f f e c t i v e n e s s .  The r e s u l t s  of t h e  eva lua t ion  w i l l  be summarized and docu- 
mented, w i t h i n  t h e  procur ing  a c t i v i t y ,  as f r e q u e n t l y  a s  cond i t ions  war ran t ;  
however, each des ign  a c t i v i t y  w i l l  be completely eva lua ted  w i t h i n  s i x  
months a f t e r  being awarded a c o n t r a c t  and annual ly  t h e r e a f t e r .  These 
r e p o r t s  w i l l  be f o r  Government i n t e r n a l  use only  and w i l l  no t  be provided 
f o r  c o n t r a c t o r  in format ion .  The eva lua t ion  w i l l  be based upon, but no t  
l i m i t e d  t o ,  t h e  fo l lowing:  
Intended U s e .  - The procur ing  a c t i v i t y  w i l l  be cont inuous ly  eva lua-  
a. Trend r e l a t i o n s h i p  between des ign  a c t i v i t y  e l e c t r i c a l  power pro- 
p e r t i e s  summaries and s p e c i f i e d  e lectr ical  power p r o p e r t i e s  r e q u i r e -  
ments. 
b. Completeness of d a t a  submit ted.  
c. Compatabi l i ty  of measured d a t a  wi th  est imated and c a l c u l a t e d  da ta .  
d. Compliance wi th  d a t a  s u b m i t t a l  schedules.  
6.2 Changes. - This  s t anda rd  w i l l  be reviewed f o r  p o s s i b l e  r e v i s i o n  o r  
r e i s s u i n g  whenever necessary ,  bu t  no t  l a te r  than  one yea r  from t h e  most 
r e c e n t  d a t e  of review. The review w i l l  be conducted by Apollo Program 
O f f i c e ,  NASA Headquar te rs ,  Washington, D.C., who upon complet ion a€ t h e  
review s h a l l  i s s u e  a l l  necessa ry  r e v i s i o n  and review d a t e  i d e n t i f i c a t i o n .  
Any s t anda rd  bear ing  a review d a t e  o l d e r  than one (1) yea r  s h a l l  be con- 
s i d e r e d  void except  f o r  e x i s t i n g  c o n t r a c t s .  Recommendations f o r  r e v i s -  
i n g  t h i s  s t anda rd  may be made by any o rgan iza t ion  w i t h i n  t h e  United S t a t e s  
Government, and t h e  aerospace  indus t ry .  Recommended changes,  when sub- 
13 
m i t t e d ,  s h a l l  be completely documented, p r e s e n t i n g  j u s t  reasons  f o r  t h e  
r e v i s i o n  and showing t h e  b e n e f i t  t o  both t h e  NASA and t h e  aerospace  i n -  
d u s t r i e s  which may be der ived  from t h e  r e v i s i o n .  A l l  recommended changes 
must be submitted n o t  l a t e r  t h a n  t h r e e  months p r i o r  t o  t h e  n e x t  scheduled 
review d a t e  i f  they  a r e  t o  be cons idered  f o r  i n c o r p o r a t i o n  i n t o  t h e  next  
r e v i s i o n  of t h e  s tandard .  A l l  recommended changes s h a l l  be submit ted 
t o  t h e  Direc tor ,  Apollo Program Cont ro l ,  Apollo Program O f f i c e ,  NASA 
Headquarters ,  Washington, D.C., 20546. 
6.3 Information f o r  Cont rac t ing  O f f i c e r  
6.3.1 Procurement Document. - Procurement documents should s p e c i f y  t h e  
fo l lowing:  
a. T i t l e ,  number and d a t e  of t h i s  s tandard .  
b. S e l e c t i o n  of a p p l i c a b l e  levels of p r e s e r v a t i o n ,  packaging, and 
c. Items of d a t a  r e q u i r e d  ( s e e  paragraph 3 ) .  
d. Addi t iona l  Q u a l i t y  Assurance p r o v i s i o n  a s  a p p l i c a b l e .  
packing required.  
6.3.2 C l a s s i f i e d  Data. - The a p p l i c a b l e  s e c u r i t y  r e g u l a t i o n s  of t h e  pro- 
c u r i n g  a c t i v i t y  s h a l l  c o n t r o l  t h e  p r o c e s s i n g  and d i s t r i b u t i o n  of c l a s s -  
i f i e d  da t a .  
14 
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Power Source Analys is  (Form 2 P a r t  I) 
D e f i n i t i o n s  and I n s t r u c t i o n s  
1. Power Source : A l l  sou rces  which p rov ide  power t o  a g iven  pr imary 
bus. ( B a t t e r y ;  Fuel  c e l l  p l u s  f u e l ,  e t c . )  
I 2. Type : Source type  des igna t ion .  
3 .  Voltage : S h a l l  be l i s t e d  as Ira t o  b,I1 where I1alr i s  t h e  minimum 
~ 
s p e c i f i c a t i o n  v o l t a g e  under  r a t e d  load,  and 11blv i s  t h e  
maximum v o l t a g e  under no-load cond i t ions .  
4. Amp-Hours Rat ing:  Use s p e c i f i c a t i o n  r a t i n g  f i g u r e .  
5 .  Amp-Hours Budget: T o t a l  ampere hours  which w i l l  be  drawn from s o u r c e  
du r ing  mission.  
I 
6. Peak Amps Rat ing:  Rated f u l l - l o a d  c u r r e n t  on which rrall i n  (3 )  above 
i s  based. 
7. Peak Amps Budget: Maximum c u r r e n t  which w i l l  be drawn from source  
I 
dur ing  mission.  
8. Max. I n t e r n a l  Impedance: Rated i n t e r n a l  impedance a f t e r  sou rce  has  
d e l i v e r e d  "Amp-Hours Rating" g iven  i n  I t e m  4 .  
9. No. Units :  Number of u n i t s  of type  inc luded  i n  Power Source. 
10. Reference S p e c i f i c a t i o n :  Purchase s p e c i f i c a t i o n  o r  o t h e r  r e f e r e n c e  
g i v i n g  complete  informat ion  on t y p e  
11. Phase and Phase Desc r ip t ion :  I d e n t i f i c a t i o n  of Mission Phase f o r  
which fo l lowing  d a t a  a p p l i e s .  
12. T i m e :  I d e n t i f y  by a n o t e  t h e  z e r o  r e f e r e n c e  of t h e  t i m e  sca le  used. 
13. Uni t s  of Type: Number of u n i t s  of each type  supply ing  power t o  t h e  
bus d u r i n g  mis s ion  phase. 
14. Load Amperes: Average and peak du r ing  mis s ion  phase. 
15. Watt-Hours: T o t a l  f o r  mis s ion  phase 
16. Class:  E. Estimated. W i l l  be u t i l i z e d  du r ing  e a r l y  des ign  phase,  and 
cannot  be cons idered  t o  have h igh  conf idence  
l e v e l .  
C. Ca lcu la t ed  from des ign  da ta .  W i l l  have h ighe r  conf idence  
A. Actua l .  Measured on Actua l  equ$pment. 









a& o a  




























r u 4  




. U  
0 4  
z c  
3 
I 
“ I  







E l e c t r i c a l  Power D i s t r i b u t i o n  Informat ion  (Form 2 P a r t  11) 
D e f i n i t i o n s  and I n s t r u c t i o n s  
1 .  Wire lengths  and s i z e s .  A node f o r  t h e  w i r e  l ength  and s i z e  
l i s t i n g  w i l l  be determined by: 
a. Beginning o r  t e r m i n a t i o n  of w i r e  a t  s o u r c e  or  load 
b. Change i n  s i z e  of w i r i n g  
c. Load branch 
Examp le : 
*NOdC>S 
2. Relay/Contactor R e s i s t a n c e  S p e c i f i c a t i o n .  
3 .  Connector Res is tance  S p e c i f i c a t i o n .  
I t e m s  2 and 3 s h a l l  cover ,  f o r  each c o n t a c t  and connec tor ,  t h e  most 
v a l i d  a v a i l a b l e  f i g u r e  f o r  maximum r e s i s t a n c e  of t h e  c o n t a c t  o r  
connector.  
4 .  Source and load i d e n t i f i c a t i o n .  
This  s h a l l  cover ,  f o r  each source  and load a s s o c i a t e d  w i t h  a given 
Electr ical  Power D i s t r i b u t i o n  System, s u f f i c i e n t  d a t a  t o  i d e n t i f y  
i t  unambiguous ly. 
5. Conf igura t ion  by miss ion  phase. 
T h i s  s h a l l  be a t a b u l a t i o n  of t h e  open o r  c l o s e d  c o n d i t i o n  of a l l  
c o n t a c t s  by miss ion  phase t o  s p e c i f y  t h e  connec t ion  of s o u r c e  t o  
busses,  and of busses  t o  loads  by m i s s i o n  phase. 
6. Voltage - Current  c h a r a c t e r i s t i c s  of o t h e r  power d i s t r i b u t i o n  com- 
ponents (Such as i s o l a t i o n  d i o d e s ,  c i r c u i t  b r e a k e r s ,  e t c . ) .  
I n  most c a s e s  a f i g u r e  f o r  maximum r e s i s t a n c e  w i l l  s u f f i c e .  I n  o t h e r  
c a s e s ,  such as i s o l a t i o n  d i o d e s ,  a V - I  curve  w i l l  be requi red .  
22 
Electrical Power Distribution (Form 2 Part 11) 
Vehicle + S/N 
E.P.D. System Identification 
I Attached: Electrical Power Distribution Diagram 
with Following Information: 
1. Wire lengths and sizes. 
2. Relay/Contactor Resistance Specifications. 
3. Connector Resistance Specifications. 
4. Source and Load Identification. 
5. Configuration by Mission Phase. 
6. Voltage - Current characteristics of other power distribution 
components. 
23 
Elec t r ica l  Power Conver te r /Regula tor  (Form 2 P a r t  111) 
D e f i n i t i o n s  and I n s t r u c t i o n s  
1. Supply Bus: Power bus f o r  c o n v e r t e r  o r  r e g u l a t o r  
2. Load Bus: Bus which i s  powered by t h e  ou tpu t  of c o n v e r t e r  o r  regu- 
l a t o r  
3. Input Vol t s :  Range of v o l t a g e  over  which u n i t  w i l l  perform w i t h i n  
s p e c i f i c a t i o n s  
4 .  Input  Amps: Input  c u r r e n t  drawn by u n i t  when supply ing  r a t e d  output  
power 
5. Output Vo l t s :  S p e c i f i c  v o l t a g e  o r  range  of v o l t a g e ,  whichever i s  
a p p l i c a b l e  
6. Output Amps: Maximum r a t e d  output  c u r r e n t  
7. Frequency: S p e c i f i c  f requency o r  range  of f requency ,  whichever i s  
a p p l i c a b l e  
8. Elapsed T i m e :  I d e n t i f y  by a n o t e  t h e  z e r o  r e f e r e n c e  f o r  t i m e  scale  
used 
9. Mission Phase:8 
10. Mission Sub-phase: 
11. Watts Average - Average f o r  Mission Phase 
12. Watts Peak - Peak reached du r ing  Mission Phase 
(Supply & Output)  
(Supply & Output )  
13. Power F a c t o r  - Average - Averaged over  mis s ion  phase 
14. Total  Power - T o t a l s  by Miss ion  Phase 
(Supply & Output)  
15. Class:  E. Estimated. W i l l  be  u t i l i z e d  du r ing  e a r l y  des ign  phase  
and cannot  be cons idered  t o  have h igh  
conf idence  level  
C. Ca lcu la t ed  from d e s i g n  da ta .  W i l l  have h ighe r  con- 
f i d e n c e  1eve.l t h a n  "E". 
A. Actua l .  Measured on a c t u a l  equipment 
Note - The e f f i c i e n c y  f a c t o r  f o r  each c o n v e r s i o n / r e g u l a t i o n  component 
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E l e c t r i c a l  Load Analys is  (Form 2 P a r t  IV) 
D e f i n i t i o n s  and I n s t r u c t i o n s  
1. Present  Watt H r s .  : Most v a l i d  avai1abl.e f i g u r e  a s  of d a t e  of r e p o r t  
of t o t a l  wat t -hours  which w i l l  be consumed by 
component d u r i n g  mission.  
2. Budgeted Watt H r s .  : T o t a l  m i s s i o n  wat t -hours  a l l o c a t e d  f o r  o p e r a t i o n  
of component. 
3. Present  Watts (Peak):  Most v a l i d  a v a i l a b l e  f i g u r e  of peak w a t t s  which 
w i l l  be drawn by component. 
4. Budgeted Watts (Peak):  Peak w a t t s  a l l o c a t e d  f o r  o p e r a t i o n  of component. 
5 .  Volts :  Range of v o l t a g e  w i t h i n  which component w i l l  o p e r a t e  w i t h i n  
s p e c i f i c a t i o n s .  
6. Frequency: Range of f requency w i t h i n  which component w i l l  o p e r a t e  
w i t h i n  s p e c i f i c a t i o n s .  
7. Elapsed T i m e :  I d e n t i f y  by a n o t e  z e r o  r e f e r e n c e  of t i m e  s c a l e  used. 
8. Mission Phase: 
9. Mission Phase Watts Average: Average power drawn dur ing  phase. 
10. Mission Phase Watts Peak: Peak w a t t s  drawn dur ing  phase. 
11. T o t a l  Energy per  phase: T o t a l  Watt-Hours consumed dur ing  phase. 
12. Class :  E. Estimated. W i l l  be u t i l i z e d  dur ing  e a r l y  d e s i g n  phase,  
and cannot  be cons idered  t o  have h igh  
conf idence  l e v e l .  
C. Ca lcu la ted  from d e s i g n  da ta .  W i l l  have h i g h e r  con- 
f i d e n c e  l e v e l  t h a n  IlEIl. 
A .  Actual .  Measured on a c t u a l  equipment. 
13. Power Fac tor :  Average power f a c t o r  dur ing  phase. 
14. Phase Name - Remarks: D e s c r i p t i v e  i d e n t i f i c a t i o n  of phase. 
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Electrical Interference Data (Form 2, Part V) 
For each component, the following information shall be provided 
1. Maximum interference voltage which can be present on the input line 
without affecting component performance within specifications. Include 
data such as allowable transient voltage as a function of transient 
duration, allowable noise voltage as a function of frequency, etc. 
2. Maximum interference current which the component will impress upon 
the power supply line, and characteristics of the current such as 
frequency, transient rise time and duration, etc. 
3 .  For power sources, including primary sources, converters, and regu- 
lators, interference voltage component information. 
Note 1: An interference component of voltage or current is a component 
at any frequency other than the specified supply frequency range, 
including noise, ripple, transients, etc. 
Note 2: Radiated Electromagnetic Interference and Electromagnetic 




ELECTRICAL POWER CHANGE ANALYSIS (Form 3 )  
SUMMARY REPORT NO. PREPARED BY: 
NOTE NO. DATE : 
COMPONENT AFFECTED: REPORT NO. : 
SHEET OF 
CHANGE, TOTAL 
EFFECTIVE P O I N T  
RS S PON S I  B I  L I T Y  : CONTRACT OR NASA 
REMARKS - CHANGE EXPLANATION AND ANALYSIS 
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APPENDIX B 
ELECTRICAL PO WE R P ROPE RT IE S VERI F ICAT ION PLAN 
GENERAL 
This appendix is a guide for preparing the electrical power properties verifi- 
cation plan discussed in paragraph 3.4.3.14. The following items shall be 
inc luded : 
a. Analytical Verification Items 
1. Items to be verified by analysis 
2 .  Analytical substantiation that test is not required for these 
items 
b. Experimental Verification Items 
1. Items to be verified by experiment 
2 .  Analytical substantiation that test is required for these items 
3. Estimated costs of proposed tests. 
TEST PLAN 
For each item to be tested, or for each block of tests, list the following: 
a. Measurement objectives, including measurement to be performed and 
overall accuracy required. 
b. Description of the test setup, including the location, measurement 
system proposed, equipment, fixtures, and environmental control provisions. 
c. Measurement procedures, number of successful runs required, the 
use of average readings from a number of independent measurements, and the 
requirements for cycling of switching, recharging of sources, etc., between 
measurement readings. 
d. Instrumentation calibration procedure and schedule. 
e. Statement of overall uncertainty of the measurement system, with 
supporting analysis of the system showing calibration and systematic error 
analysis. The measurement system analysis shall indicate possible sources 
of random error, their method of estimation, and their possible effect on 
the precision of measurement, and shall show the method of combining dif- 
ferent sources of error to obtain a value for overall uncertainty of the 
measurement process. The analysis also shall indicate the relationship 
of the uncertainty with the required accuracy. 
and completion dates. 
containing the f ol lowing minimum information: 
f. Schedule, including equipment availability dates and test start 
g. Test reporting plan, including submittal schedules, for reports 
1. Explanation of deviations from test plan 
2. Summary of data 
3. Evaluation of results 
4. Final conclusion of results 
5. Recommendations. 
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